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Leisure activities, ApoE e4, and risk of dementia 1217Results: High-frequency physical activity was associated with a decreased risk of AD [adjusted
odds ratio (AOR) Z 0.45], and the results become more evident among ApoE e4 carriers with
AD (AOR Z 0.30) and VaD (AOR Z 0.26). Similar findings were observed for cognitive
(AOR Z 0.42) and social activities (AOR Z 0.55) for AD. High-frequency physical, cognitive,
and social activities were associated with a decreased risk of VaD (AORZ 0.29e0.60). Physical
and social activities significantly interacted with each other on the risk of VaD
(pinteraction Z 0.04).
Conclusion: Physical activity consistently protects against AD and VaD. Significant interactions
were identified across different types of leisure activities in lowering dementia risk.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Alzheimer’s disease (AD) is the most common type of de-
mentia followed by vascular dementia (VaD) and mixed-
type dementia.1 East Asian countries had a lower incidence
of dementia (1.06% in the 65e74-year age group and 7.21%
in the 85e89-year age group) compared with European
countries (2.67% in the 65e74-year age group and 10.4% in
the 85e89-year age group).2 In the United States, AD was
ranked as the sixth leading cause of death in elderly pa-
tients in 2010.3 By contrast, AD has not become the major
cause of death in elderly persons in Taiwan, probably due
to underdiagnosis or nondiagnosis. However, because
Taiwan has one of the highest aging populations in the
world, dementia is becoming an important health issue in
elderly individuals.
Leisure activities are defined as activities that an indi-
vidual engages in during free time to enhance physical and
mental health.4,5 Various types of leisure activities have
been previously explored, including stimulating, physical,
social, mental, productive, and recreational activities.6,7 In
general, these activities can be divided into physical,
cognitive, and social engagement activities. The protective
effect of leisure activities on cognitive decline, a major
symptom of dementia, may result from increased cognitive
reserve by neurogenesis and angiogenesis, decreasing
vascular risk factors, stress reduction, and providing social
support.8e16 Because cognitive decline is an important
phenomenon of dementia, we believe that leisure activities
should play an important role in preventing AD and VaD.
Previous studies have shown that various leisure activ-
ities are associated with a decreased risk of dementia [odds
ratios (ORs)Z 0.3e0.6].6,7,17e21 However, few studies have
explored this association in AD and VaD separately.6,17,22
Because the etiology of AD and VaD is different, it is
important to differentiate the association between specific
types of leisure activities with AD and VaD risk. Few studies
adjusted the apolipoprotein (ApoE) e4 status, a well-known
risk factor of dementia, in the multivariable analyses, and
the modifying effect of ApoE e4 was inconsistent across
studies.22e24 In summary, people with different ethnicities
tend to involve themselves in different leisure activities. No
study yet explored the relationship between leisure activ-
ities and dementia risk in Asians. Most of the previous
studies have assessed cohorts with a mix of AD and VaD
cases and the types of leisure activities have been limited.
In addition, no study has yet determined how the ApoE e4status affects the association between leisure activities and
dementia risk. Therefore, we aimed at exploring the asso-
ciation between different types of leisure activities and AD
and VaD risk, respectively. In light of the importance of
ApoE e4 status and sex on dementia risk, this study further
evaluated how these factors modified the association be-
tween leisure activities and the risk of AD and VaD.
Methods
Study population
This was a caseecontrol study. A total of 292 AD and 144 VaD
cases were recruited from the neurology clinic of three
teaching hospitals in northern Taiwan between 2007 and
2010. Healthy controls (n Z 506) were recruited from an
elderly patients health checkup program and volunteers
from the hospital during the same period. All participants
were aged 60 years or older and were excluded if they had a
history of depression, dementia subtypes other than AD,
Parkinson’s disease, hemorrhagic stroke, cerebral infarc-
tion, organic brain tumors, or lack of blood samples. A
trained interviewer administered the questionnaire to
collect information on demography, vascular risk factors
[e.g., type 2 diabetes mellitus (DM), hypertension, and hy-
percholesterolemia], and lifestyle (e.g., leisure activities,
cigarette smoking, and alcohol consumption). The Institu-
tional Review Boards of each hospital have approved this
study. Informed consent was obtained from each partici-
pant. Consent from the legal guardian/next of kin/caregiver
was obtained for patients with serious cognitive impairment.
Evaluation of dementia
At each hospital, potential dementia cases were diagnosed
by a neurologist. The Mini-Mental State Examination (MMSE)
and Clinical Dementia Rating were used to evaluate partic-
ipants with cognitive impairment. The diagnosis of all-cause
dementia and probable AD dementia was based on the 2011
guideline proposed by the National Institute on Aging and the
Alzheimer’s Association.25 Diagnosis of VaD was made ac-
cording to the National Institute of Neurological Disorders
and Stroke-Association Internationale pour la Recherche et
l’Enseignement en Neurosciences criteria.26 The cognitive
function of controls was assessed by the Short Portable
Mental Status Questionnaire27 to exclude participants with
1218 S.-Y. Yang et al.possible dementia and other mental disorders. Head mag-
netic resonance imaging and computed tomography were
taken to exclude participants with organic lesions.
Leisure activities
The information on leisure activities, 1 year prior to the
date of recruitment for controls and 1 year prior to the
dementia diagnosis for cases, was obtained from the
questionnaire. Leisure activities explored in this study
included the following three types: (1) physical activity, (2)
recreational, cognitive, and productive activities (short-
ened as cognitive activity), and (3) social engagement ac-
tivity (shortened as social activity). Physical activity
included walking, brisk walking, jogging, swimming,
climbing, ball games, dance, and gymnastics. Cognitive
activity included watching television, listening to the radio
(music), reading books, newspapers, writing, gardening,
cooking, knitting, sewing, and art creation. Social activity
included travel, movies, shopping, paid work, public wel-
fare, puzzle, theaters, concerts, art exhibitions, and com-
munity, political, and religious activities.
The frequency of participation in each type of leisure
activity was rated as follows: 0, never; 1, several times/
year; 2, less than once/month; 3, three times/month; 4,
once/week; 5, three times/week; 6, daily; and 7, unable to
participate due to illness. In addition, leisure activity refers
to the participation in an activity prior to the onset of disease
(AD and VaD) for cases and the prior year for controls,
respectively. The cutoff point for high and low frequency of
each type of leisure activity was determined by the median
frequency among controls: three times/week for physical
and cognitive activities; once/week for social activity.
Statistical analyses
Tests (normally distributed continuous variables) and Chi-
square tests (categorical variables) were used to compare
the distribution of cases and controls for demographic
characteristics. Because age was significantly different be-
tween cases and control, cases and controls were matched
by age with an interval of 5 years. Conditional logistic
regression models were used to estimate the adjusted ORs
(AORs) and 95% confidence intervals (CIs) were used to es-
timate the association between each type of leisure activity
and the risk of AD and VaD. Variables adjusted in the models
were age, sex, ApoE e4 status, educational level, marital
status, and cigarette smoking. To further establish the dose-
dependent relationship, the sum of rated frequency of
physical activity, cognitive activity, and social activity was
calculated. Those unable to participate in activities due to
illness (original rating Z 7) were combined with those who
never participated in leisure activities and assigned a rating
of zero. Thus, the sum of leisure activities was a continuous
variable ranging from 0 to 18.
Stratification analysis was performed by ApoE e4 status
and sex, respectively. We also assessed the effect of in-
teractions between any two types of leisure activities, (1)
physical and social activities, (2) social and cognitive ac-
tivities, and (3) physical and cognitive activities, on the risk
of AD and VaD. A product term of any two leisure activitieswas added to the regression model to assess the existence
of interaction. All statistical tests were two-sided
(p < 0.05). Statistical analyses were conducted using SAS
9.2 (SAS Institute, Inc., Cary, NC, USA).
Results
Characteristics of the study population
A total of 292 AD cases, 144 VaD cases, and 506 controls were
included (Table 1). Compared with controls, AD and VaD
cases were older (age: 72.9 years vs. 79.1 years and 79.6
years, respectively); had lower MMSE score (28.6 vs. 18.0 and
14.9, respectively); had more women (52% vs. 64% and 56%,
respectively); had lower education level ( 6 years: 12% vs.
50% and 58%, respectively); had lower proportions of being
married or living in cohabitation (82% vs. 57% and 53%,
respectively); had retired (74% vs. 90% and 92%, respec-
tively); hadmore former or current smokers (17% vs. 23% and
31%, respectively); had more alcohol drinkers (11% vs. 12%
and 17%, respectively); had more patients with a history of
type 2 DM (13% vs. 19% and 31%, respectively); had fewer
patients with a history of hypercholesterolemia (29% vs. 18%
and 21%, respectively); and had more ApoE e4 carriers (14%
vs. 38% and 18%, respectively). Compared with controls
(54%), fewer AD patients (38%) andmore VaD cases (65%) had
a history of hypertension.
Leisure activities and the risk of AD and VaD
The frequency distribution by each type of leisure activities
showed that controls had more frequent leisure activities
than AD or VaD cases (data not shown). High-frequency
physical activity was associated with decreased risk of AD
(AOR Z 0.45, 95% CI Z 0.30e0.68) and VaD (AOR Z 0.38,
95% CIZ 0.23e0.63; Table 2). Significant findings were also
observed for cognitive activity (AOR for AD and VaDZ 0.42
and 0.29, respectively) and social activity (AOR for AD and
VaD Z 0.55 and 0.60, respectively).
Doseeresponse relationship of leisure activities
and dementia risk
One unit increase in the sum of leisure activity was asso-
ciated with a decreased risk of dementia (AD: AORZ 0.82,
95% CI Z 0.77e0.87; VaD: AOR Z 0.82, 95% CI Z
0.76e0.88). One unit increase in the numbers of leisure
activities with high frequency (0e3) was associated with a
decreased risk of dementia (AD: AOR Z 0.51, 95%
CI Z 0.39e0.67; VaD: AOR Z 0.48, 95% CI Z 0.35e0.67).
Pairwise interactions between leisure activities
Significant interaction was only observed between physical
and social activities on the risk of VaD (pinteraction Z 0.04,
Table 3). After stratification by high and low frequency of
leisure activities, significant associations were observed in
some subgroups (Table 3).
High-frequency physical activity (> 3 times/week)
showed a significant protective effect on the risk of AD
Table 1 Characteristics of the study population.
Variables AD
(nZ 292)
VaD
(nZ 144)
Controls
(nZ 506)
p *
AD ** VaD ***
Mean (SD)
Age (y) 79.1 (7.0) 79.6 (7.2) 72.9 (6.0) <0.0001 <0.0001
MMSE, mean (SD) 18.0 (6.1) 14.9 (6.4) 28.6 (1.9) <0.0001 <0.0001
N (%)
Sex 0.0004 0.40
Female 188 (64) 80 (56) 261 (52)
Male 104 (36) 64 (44) 245 (48)
Education <0.0001 <0.0001
Elementary 145 (50) 84 (58) 58 (12)
High school 101 (35) 43 (30) 204 (40)
College and above 43 (15) 17 (12) 241 (48)
Marital status <0.0001 <0.0001
Unmarried/widowed/divorced/separated 124 (43) 68 (47) 92 (18)
Married/cohabitant 167 (57) 76 (53) 407 (82)
Retirement 262 (90) 132 (92) 372 (74) <0.0001 <0.0001
CDR NA
0.5 95 (36) 24 (22) NA
1 111 (42) 41 (38) NA
2 46 (18) 28 (26) NA
3 11 (4) 14 (13) NA
4 0 (0) 1 (1) NA
Cigarette smoking 0.04 0.002
Never 226 (77) 99 (69) 422 (83)
Former 66 (16) 39 (27) 66 (13)
Current 20 (7) 6 (4) 17 (4)
Alcohol consumption 35 (12) 24 (17) 53 (11) 0.52 0.04
Type 2 DM 55 (19) 45 (31) 68 (13) 0.04 <0.0001
Hypertension 112 (38) 94 (65) 272 (54) <0.0001 0.01
Hypercholesterolemia 53 (18) 30 (21) 149 (29) 0.0005 0.04
ApoE e4 carriers 111 (38) 26 (18) 69 (14) <0.0001 0.07
* p values were obtained from t tests (normally distributed continuous variables) and Chi-square tests (categorical variables) by
comparing cases (AD or VaD) with controls.
** p value was obtained by comparing AD cases with controls.
*** p value was obtained by comparing VaD cases with controls.
AD Z Alzheimer’s disease; ApoE Z apolipoprotein E; CDR Z Clinical Dementia Rating; DM Z diabetes mellitus; MMSE Z Mini-Mental
State Examination; NA Z not applicable; SD Z standard deviation; VaD Z vascular dementia.
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week, AOR Z 0.42) or high ( once/week, AOR Z 0.50,
Table 3). Among participants with high-frequency social
activity ( once/week), high-frequency cognitive activity
(> 3 times/week) was associated with a significantly
decreased risk of VaD (AOR Z 0.17; Table 3). Among par-
ticipants with low social activity (< once/week), high-
frequency physical activity (> 3 times/week) was associ-
ated with decreased VaD risk (AORZ 0.29; Table 3). Among
participants with high-frequency physical activity (> 3
times/week), high-frequency cognitive activity (> 3 times/
week) was associated with decreased risk of AD
(AOR Z 0.44) and VaD (AOR Z 0.32; Table 3).
Effect modification by ApoE e4 status
No significant interaction was observed between ApoE e4
status and any type of leisure activity on the risk of AD or VaD
(pinteraction Z 0.27e0.87). After stratification, significantassociation was found in some subgroups. Among ApoE e4
carriers, only high-frequency physical activity (> 3 times/
week) showed protective effects on AD (AOR Z 0.30) and
VaD (AORZ 0.26, Table 4) risk. By contrast, among ApoE e4
noncarriers, high frequency of all types of leisure activities
was significantly associated with decreased risk of AD
(AORZ 0.51 for physical activity, AORZ 0.44 for cognitive
activity, and AOR Z 0.52 for social activity) and VaD
(AORZ 0.41 for physical activity, AORZ 0.29 for cognitive
activity, and AORZ 0.57 for social activity; Table 4).
Effect modification by sex
Sex significantly interacted with physical activity on the risk
of AD (pinteraction Z 0.01; Table 5). After stratification by
sex, significant association was found in some subgroups.
Among men, high-frequency physical activity (>3 times/
week) was associated with decreased risk of AD
(AOR Z 0.31) and VaD (AOR Z 0.41), respectively.
Table 2 Association of leisure activities with the risk of AD and VaD.a
Variables AD VaD
Case/control AOR (95% CI) Case/control AOR (95% CI)
Physical activity
Low b 127/145 1.00 61/145 1.00
High b 165/360 0.45 (0.30e0.68) 83/360 0.38 (0.23e0.63)
Cognitive activity c
Low b 29/41 1.00 16/41 1.00
High b 263/464 0.42 (0.20e0.87) 128/464 0.29 (0.12e0.70)
Social activity d
Low b 205/241 1.00 101/241 1.00
High b 87/264 0.55 (0.37e0.82) 43/264 0.60 (0.37e0.97)
AD Z Alzheimer’s disease; AORZ adjusted odds ratio; ApoEZ apolipoprotein E; CI Z confidence interval; VaDZ vascular dementia.
a All models were adjusted for age, ApoE e4 status, sex, education level, marital status, and cigarette smoking.
b The cutoff point for high and low frequency of each type of leisure activity was determined by the median frequency among controls:
3 times/week for physical and cognitive activities; 1 time/week for social activity.
c “Recreational, cognitive, and productive activity” is shortened as cognitive activity.
d “Social engagement activity” is shortened as social activity.
1220 S.-Y. Yang et al.High-frequency cognitive activity (> 3 times/week) was
associated with decreased risk of VaD (AORZ 0.24) but not
AD risk. High-frequency social activity (> once/week) was
associated with decreased risk of AD (AOR Z 0.53) but not
VaD.
Among women, high-frequency physical (AOR Z 0.43,
Table 5) and social (AORZ 0.41) activities were associated
with a decreased risk of VaD but not AD. Similarly, high-
frequency cognitive activity (> 3 times/week) was associ-
ated with decreased AD risk (AOR Z 0.33) but not VaD.Discussion
To date, few studies have explored the association between
leisure activities and dementia subtypes.6,17,22 Moreover,
no study to date has examined the interaction between
types of leisure activities on the risk of AD and VaD. In this
study, we found that high-frequency leisure activities
(physical, cognitive, and social activities) of various types
were associated with reduced risk of AD and VaD. Our
findings on physical activity are consistent with various
other studies relating this activity to the overall risk of
dementia,21,22 dementia in females,17 or AD.17 By contrast,
no association was observed in any other studies for AD or
VaD,6 overall dementia,22 or overall dementia among
men.17 For cognitive activities, our finding is consistent
with previous studies relating this activity to AD6 or de-
mentia6,18,28; however, no association was observed by
other studies for VaD.6,22 For social activity, our finding is
consistent with previous studies on overall dementia.18,19
Thus, in summary, leisure activities showed a consistent
protective role in the development of AD and VaD.
Because of cultural differences, physical and social ac-
tivities may vary to a large extent between the elderly
populations in Asia and Western countries. For example,
Yuan-ji dancing, shadowboxing, folk dancing, and ballroom
dancing are common physical activities in Taiwanese
elderly individuals, but these activities are less observed in
the Western people. In addition, the pathophysiologicmechanism relating each type of leisure activity and the
risk of AD and VaD may be different. Taken together, our
findings suggest that active engagement in high-frequency
physical activities may lower AD risk by preventing memory
and cognitive decline,8e11,29,30 stimulating brain neuro-
genesis, synaptic activity, and the ability of recovery and
repair.12,13,31e33 By contrast, we found that VaD risk may be
reduced by active participation in any of the three types of
leisure activities, including physical, cognitive, and social
activities, which promote blood circulation, stimulate brain
neurogenesis, and reduce stress.12e15,31e33 In addition, so-
cial activity may reduce the risk of AD and VaD by preser-
ving mental health, providing social support, lowering
stress, and preventing cognitive decline.7,13,16 Beyond their
differences, the leisure activities assessed in this study also
share some common mechanism in lowering dementia risk.
Therefore, they may have interactive effects on dementia
risk, which are detailed in the following text.
To the best of our knowledge, no study has explored
pairwise interaction between different types of leisure
activities on the risk of AD and VaD. We found that physical
and social activities significantly interacted with each other
on VaD risk. In addition, engaging in the combination of any
two types of high-frequency leisure activities significantly
lowered AD or VaD risk compared with the effect of
engaging in a single activity (data not shown). Because most
people are involved in more than two leisure activities, it is
more realistic to assess how they interact with each other
on lowering dementia risk. That is, multiple leisure activ-
ities may provide stronger protective effects on lowering
AD and VaD risk.
The status of ApoE e4 has been related to an increased
risk of late-onset AD.34 Abbott et al22 found that ApoE e4
status did not modify the association between walking and
risk of AD or VaD in men. Schuit et al23 found that the
protective effect of physical activity is greater among ApoE
e4 carriers, but Podewils et al24 reported contradictory
findings. Although ApoE e4 was not an “effect modifier” in
our study (pinteraction > 0.05), after stratification, this study
found that physical activity is the only type of leisure
Table 3 Pairwise interactions between leisure activities on the risk of AD and VaD.a,b
a
Variables AD Pinteraction VaD Pinteraction
Social activitye Social activitye
Lowc Highc Lowc Highc
case/control AOR (95% CI) case/control AOR (95% CI) case/control AOR (95% CI) case/control AOR (95% CI)
Cognitive activityd
Lowa 23/20 1.00 6/21 1.00 0.72 12/20 1.00 4/21 1.00 0.76
Higha 182/221 0.43 (0.17e1.11) 81/243 0.43 (0.12e1.54) 89/221 0.37 (0.13e1.11) 39/243 0.17 (0.04e0.79)
Physical activity
Lowa 94/69 1.00 33/76 1.00 0.59 49/69 1.00 52/172 1.00 0.04
Higha 111/172 0.42 (0.25e0.71) 54/188 0.50 (0.26e0.99) 12/76 0.29 (0.15e0.55) 31/188 0.85 (0.35e2.10)
b
Variables AD Pinteraction VaD Pinteraction
Cognitive activityd Cognitive activityd
Lowc Highc Lowc Highc
case/control AOR (95% CI) case/control AOR (95% CI) case/control AOR (95% CI) case/control AOR (95% CI)
Physical activityd
Lowc 18/18 1.00 109/127 1.00 0.61 7/18 1.00 54/127 1.00 0.16
Highc 11/23 1.15 (0.21e6.36) 154/337 0.44 (0.29e0.68) 9/23 1.97 (0.26e15.15) 74/337 0.32 (0.19e0.56)
AD Z Alzheimer’s disease; AOR Z adjusted odds ratio; ApoE Z apolipoprotein E; CI Z confidence interval; VaD Z vascular dementia.
a All models were adjusted for age, ApoE e4 status, sex, education level, marital status, and cigarette smoking.
b Pinteraction tested the interaction between two types of leisure activities on the risk of AD and VaD.
c The cutoff point for high and low frequency of each type of leisure activity was determined by the median frequency among controls: 3
times/week for physical and cognitive activities; 1 time/week for social activity.
d “Recreational, cognitive, and productive activity” is shortened as cognitive activity.
e “Social engagement activity” is shortened as social activity.
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Table 4 Association of leisure activities with the risk of AD and VaD by ApoE e4 status.a
Variables AD VaD
Case/control AOR (95% CI) Case/control AOR (95% CI)
ApoE e4 carriers
Physical activity
Low b 48/17 1.00 11/17 1.00
High b 63/51 0.30 (0.13e0.70) 15/51 0.26 (0.07e0.99)
Cognitive activity c
Low b 7/2 1.00 3/2 1.00
High b 104/66 0.40 (0.07e2.42) 23/66 0.32 (0.02e5.03)
Social activity d
Low b 75/38 1.00 19/38 1.00
High b 36/30 0.81 (0.38e1.72) 7/30 1.02 (0.30e3.45)
ApoE e4 noncarriers
Physical activity
Low b 70/113 1.00 40/113 1.00
High b 98/286 0.51 (0.32e0.82) 54/286 0.41 (0.23e0.72)
Cognitive activity c
Low b 20/23 1.00 11/23 1.00
High b 148/376 0.44 (0.19e0.99) 83/376 0.29 (0.11e0.74)
Social activity d
Low b 118/181 1.00 62/181 1.00
High b 50/218 0.52 (0.33e0.83) 32/218 0.57 (0.33e0.98)
AD Z Alzheimer’s disease; AORZ adjusted odds ratio; ApoE Z apolipoprotein E; CI Z confidence interval; VaDZ vascular dementia.
a All models were adjusted for age, sex, education level, marital status, and cigarette smoking.
b The cutoff point for high and low frequency of each type of leisure activity was determined by the median frequency among controls:
3 times/week for physical and cognitive activities; 1 time/week for social activity.
c “Recreational, cognitive, and productive activity” is shortened as cognitive activity.
d “Social engagement activity” is shortened as social activity.
1222 S.-Y. Yang et al.activity that can significantly decrease the risk of AD and
VaD among ApoE e4 carriers (Table 4). By contrast, among
ApoE e4 noncarriers, all three types of leisure activities
significantly decreased the risk of AD and VaD (Table 4).
This indicates that, as compared with cognitive and social
activities, physical activity elicits stronger protective ef-
fects against dementia, especially for those who are at
elevated risk, that is, ApoE e4 carriers. The beneficial ef-
fects of other types of leisure activities are thus limited in
this case.
In this study, we showed for the first time that sex can
modify the association between physical activity and AD
risk (pinteraction Z 0.01). Physical activity consistently low-
ered VaD risk for both men and women. However, for other
activities, our findings were inconsistent between men and
women for AD and VaD risk. Only one study17 to date has
explored the association between physical activity and the
risk of AD and VaD by sex. It was found that physical activity
decreased the risk of AD (OR Z 0.38) in women but not in
men; however, no other types of activities were explored.
The inconsistency between the findings reported by Laurin
et al17 and this study may be due to cultural differences (as
mentioned earlier) and different types of activities that
men and women were engaged in. That is, in this study,
men tended to engage in high-frequency physical and social
activities compared with women (men vs. women, physical
activity: 71% vs. 63%; social activity: 9% vs. 6%). By contrast,
both men and women tended to engage in high-frequency
cognitive activity (93% vs. 92%). One prospective study byYuki et al35 found that low physical activity was a risk factor
for frontal lobe atrophy in men, but not in women. Another
cross-sectional study by Sen et al36 found that cardiovas-
cular fitness, measured by VO2max, was associated with
decreased white matter lesions in men, but not in women.
Because androgen and estrogen are associated with brain
volume,37,38 it is possible that men’s brain adapt to physical
activity better than women.35
Physical and cognitive activities have been known to
lower the risk of chronic disorders including cardiovascular
disease, DM, obesity, and stroke,39e43 which are common in
elderly patients. However, no study has evaluated how
these comorbidities affect the association between leisure
activity and AD or VaD risk. We also assessed how vascular
risk factors (hypertension, type 2 DM, and hypercholester-
olemia) modify the association between leisure activities
and the risk of AD (data not shown). Our findings suggest
that among elderly individuals with hypertension, both
physical and social activities decreased AD or VaD risk, but
cognitive activities provided little benefit on lowering AD or
VaD risk. These findings may be attributable to differences
in disease severity and treatment, and strength and dura-
tion of the leisure activities across studies.
This study has some strengths. To the best of our
knowledge, few studies have explored how ApoE e4 status
or vascular risk factors modified the association between
leisure activity and dementia risk. Furthermore, it is yet to
be shown whether different types of leisure activities may
interact with each other through similar pathways to elicit
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Leisure activities, ApoE e4, and risk of dementia 1223stronger protective effects to lower AD and VaD risk. This
study presents an association between dementia risk and
multiple leisure activities, and identified subgroups that
can benefit from leisure activities.
This study has some limitations. The information on
leisure activities was obtained from a self-reported ques-
tionnaire and thus this may have suffered from recall bias.
However, leisure activities tend to remain stable in elderly
patients after retirement or until disease onset. Therefore,
recall bias may not be a major concern. Furthermore, the
information on strength and duration of the leisure activ-
ities was not available, which may provide further infor-
mation on leisure activities.
In summary, leisure activities were protective against AD
and VaD. Physical activity remained significantly protective
for AD and VaD among ApoE e4 carriers. Significant inter-
action was observed between physical and social activities
for VaD, which has not been reported previously. Physical
activity protected against AD in men but the association
was not significant in women. In summary, this study pro-
vides new information about multiple leisure activities and
genetic markers on the prevention of AD and VaD. Future
large-scale prospective studies are warranted to confirm
our findings.Acknowledgments
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